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CHAPTER I 
INTRODUCTION 
Of the total precipitation falling on watersheds throughout the 
world, an average of approximately 85 percent returns directly to 
the atmosphere through evaporation and use by mountain vegetation. 
The remaining 15 percent moves from the watersheds as runoff and 
becomes available in the valleys to be used by man for irrigation, 
indu s try, recreation, and many other requirements. The very rapid 
growth of these requirements in recent years has led to a n increasing 
need for efficient management of "vailable water resources, and in 
this regard computer modeling or simulation has proved to be a power-
ful too I. 
The study described herein involves simulation of the hydrologic 
system of the upper Bear River Basin by means of an electronic analog 
computer. The various processes within the model are linked by the 
continuity of mass principles, which requires a hydrologic balance 
at all points. The analog computer is ideally suited to the soluation 
of the time -dependent differential equations of the model and to the 
trial and error process required during testing and verification. 
The primary objectives of the present study are: (i) to develop, 
using an analog computer, a simulation model o f the hydrologic system 
2 
of the upper Bear River Basin; a nd (ii) to demonstrate the applicabili ty 
of the simulation model to wa ter resource planning in the Bear River 
Basin by evaluating various alternative management possibilitie s 
subject to selected constraints. 
A brief review of computer modeling is included in Chapter II. 
The development of the hydrolo gic and the corresponding analog com-
puter model of the upper Bear River Basin is detailed in Chapter III. 
Results of the study are included in Chapter IV. Conclusions and 
limitations a re mentioned in Chapter V. Finally, brief summary 
and r ecommendatio ns for additional studies are presented in the 
last chapter of this rcp.:>rt. 
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CHAPTER II 
ANALOG COMPUTER SIMULATION OF 
HYDROLOGIC SYSTEMS 
Simulation is a technique for investigating th e behavior or 
response of a dynamic system subject to particular constraints and 
input functions. This technique is usually performed by means of both 
physical and electronic models. Physical models and also those con-
sisting of electrical resistor-capacitor networks have been used to 
i nv estigate hydraulic and hydrologic phenomena for many years. How-
ever, simula tion by means of high-speed electronic comput ers is a 
relatively new technique. 
The advantages oi simulation include th e following: 
1. The system can be non-destructively tested, whi ch is of 
practical interest in the hydrologic design of structures such as large 
dams and flood contro l works in a river basin. 
2. Proposed or existing systems can be modified for improved 
performance, this being especially desirable if the o riginal system is 
in operation, since operation tim e wi 11 not be lost during testing. 
3. Hypothetical system designs may be ve rifi ed at minimum 
expense, thus paying large dividends when the proposed system turns 
out to be a bad one. 
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4. Simulat ion provides insight into the system being studied 
and is thus a powerful teaching device. 
Characte r is ti cs of the Analog Computer 
The a nalog computer i s a collection of electronic operational 
devices o r compo nents w hi ch can perform basic mathematical oper-
ations. These computing components can carry out the operations of 
addition, multipli cation, function generation , and most important 
in the study of dynamic or time-varying systems, high-speed int e-
gration . This type of computer solves problems by behaving elec-
tronically in a ma!lne:r analogous with the problem solution and is, 
therefore,a much faster computing machine than the digital comput er. 
Mo r eover, the analog computer is a parallel device in that all com-
putations p r oceed simultaneously. If the size of the problem is doubled, 
th e amount of analog equipment required is also app r oxima t e ly doub led, 
but th e time for s oluti o n rema ins the same. On the o ther hand, the 
digital computer, which is a sequential machine , takes twice as long 
when the problem si ze is doubled. 
Many of the processes which occur in nature are time dependent 
a nd as such are differ e nti a l in fo rm. It is in the solution of differential 
equations that th e great speed of the a nalog comp uter is parti c ul a rly 
a pparent because it can integ rate the problem variables continuously 
instead of using numerical approximations. Frequently, design o pti-
rnization problems or thos e involving s tochasti c variables requir e 
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differential equations to be solved repea tedly, each with slightly differ-
ent parameters or functions. Because of its tremendous speed, pro-
blems of this nature can be undertaken feasibly by the analog computer 
when all other methods would require unacceptable lengths of time. 
Output on an analog computer is presented in graphical form 
as a continuous plot of the variable quantities involved. The operato r 
can visualize re sults as being the actual dynamic responses of a physi-
cal system under investigation. Also, the results of possible alter native 
ways of combining the vari o us co mponents of the entire system can be 
quickly defined as an aid to determining the changes in specific pro-
cesGes that might be necessary to meet prototype conditions . Thus, 
the analog computer is very helpful during the explora tory phases of 
developing both component relationships and a composite model of a 
hydrologic system. 
The only available independent variable on an analog computer 
is time. Therefore, comput a tions are performed continuously thr ough-
out the integration period . 
Formulation of a Hydrologic Model 
Requirements 
The fundamenta l requirements of a computer model of a hydro-
logic system are: 
l. It simulates on a continuous basis all important processes 
and relationships within the system it represents . 
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2. It is non-unique with respect to space. This implies that 
it can be easily applied to different geographic areas with existing 
hydrologic data. 
3. The computing equipment possess a high degree of capacity 
and capability. 
Requirements one and two are approached by developing a 
preliminary model from an analysis of published information and 
established concepts. Through operation of the model, quantitative 
relationships and hydrologic concepts are further defined and improved. 
At the same time, the third requirement is met through improvements 
in equipment design and modehng techniques. 
When the model is properly verified so that it accurately simu-
l a tes a particular system, input and individual model parameters can 
be varied; and the effects of these changes can be observed at any point 
in the system . The general research philosophy involved in the develop-
ment of a simulation model of a dynamic system , such as a hydrologic 
unit, is shown by the flow diagram of Figure 2. l. 
Hydrologic balance 
A dynamic system consists of three basic components, namely 
the medium or media ac ted upon a set of constraints, and an ene r gy 
supply or driving for ce. In a hydrologic system water in any one of 
its three physical states is the medium of interest. The constraints 
are applied by the physical n ature of the hydrologic basin , and the 
Relationships 
Test and Modify 
Constraints : 
~------------~ 
(I) Reg'd Accuracy 
(2) Time 
Improved Hydrologic Improved Computer 
Relationships 
1-*---'-.._.-t 
Synthesized 
a System 
Test 
Management Decisions 
Figure 2.1 Development process of a hydrologic model 
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driving forces are supplied by direct solar energy, gravity and capillary 
potential fields. The various functio.ns and operations of th e different 
parts of the system are interrelated by the concepts of continuity of 
mass and momentum. Unless relatively high velocities a re encountered , 
such as in channel flow, the effects of momentum a re negligible; and 
the continuity of mass becomes the only link between the various pro-
cesses within the system. 
Continuity of mass is expressed by the general equation: 
Input = Output 2: Change in storage. 
A hydr o logic balance is the application of this equation t o achieve an 
acco unting of physical, h yd rologi c measurements within a particular 
unit. Through this means and th e application of appropriate trans-
lation or routing functions, it is possible t o predict the movement of 
water within a system in terrns of its occurrence in space and time . 
The concept of the hydrologic balance is pictured by the block 
diagram in Figure 2. 2. The inputs to the system are precipitation 
and surface and groundwater inflow, while the output quantity is divided 
among surface outflow, groundwater outflow, and evapotranspiration. 
As wate r passes through this system, storage chan ges occur on the 
land surface, in the soil moisturt: zone, in the groundwate r zone, and 
in the stream channels . These changes occur rapidly in surface lo-
cations a nd more slowly in the subsurface zones. 
Surface Inflow 
Groundwa·ter 
Inflow 
Interception Storage 
Surface Storage 
Root Zone 
Storage 
Groundwater 
Storage 
v. l 
Surface Outflow 
Groundwater 
Outflow 
(.)Of', I)( • 
I 0 
Time and space considerations 
Practical data limitations and problem constr aints require that 
increments of time and space be considered during model design. Data, 
such as temper a ture and precipitation readings, are usually available 
as point measurements in terms of time and space; and integration in 
both dimensions is usually most easely accomplis hed by the method of 
finite increments. 
The complexity of a model designed to represent a hydrologic 
system largely depends upon the magnitude of the time and spatial 
increments utilized in the model. In particular, when large increments 
are applied , the scale magnitude is such that the effect of phenomena 
which change over relatively small increments of space and time are 
insignifi cant. For instance, on a monthly time increment, inter-
ception rates and changing snowpack temperatures are neglected . In 
addition, the time increment chosen coincides w ith the period of cyclic 
changes in certain hydrologic phenomena. In this event net changes 
in these phenomena during the time interval are usually negligible. 
For example, on an annual basis, storage changes within a hydrologic 
system are o ften insignificant, whereas on a monthly basis, the magni-
tude of these changes are frequently appreciable and need to be con -
sidered. As time and spatial increments decrease, improved defini-
tion of the hydrologic processes is required . No longer can short-
term transient effects or appreciable variations in space be neglected, 
and the mathematical model therefore becomes increasingly more 
l 
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complex with an accompanying increase in the requirements of com-
puter capacity and capability. 
For the study of the upper Bear River Basin discussed by this 
report, a monthly time increment and large space units (subbasins} 
were adopted. These scales were considered to be consistent with 
the availability of data and the objectives of the study. 
CHAPTER III 
DE VF.LOPMENT OF THE UPPER 
BEAR RIVER BASIN MODEL 
Description of the Study Area 
Evanston a nd Randolph subbasins which lie in the states of 
12 
Wyoming and Utah at the upper end of the Bear River Bas in consti tute 
th e a r ea conc erned in this study . The boundaries of the Bear River 
Basin are s hown in Figure 3 . I, which a l so indicates the boundaries 
o f the two subbasins w hich form the study a r ea. The existin g pre-
cipitation, temperature, and str eamflow measuring stations are 
a l so s ho w n in Figure 3 . I. The t o tal area of this drainage basin is 
I, 970 square miles . 
The general land slope is in a north -westerly direction from 
th e Uinta Mountains in Utah, where the high peaks range fr om 9, 000 
t o \ 3 , 000 fee t. Among thes e peaks a r e many small glac ial l a kes that 
serve as ca t c hment areas for the heavy precipitation, most of which 
occurs in the form of snow. 
For the first 20 miles of its course, the Bear River flows 
down the north slopes of the Uinta Mountains in Utah. The11, at the 
Wyoming boundary, it enters the upper Bea r River Valley. This is 
the highest and longest valley in the l3ear River Basin . It extend s 
igure 3.1 An outline of the upper Bear River Basin 
14 
roughly 100 miles along Wyoming's western boundary but includes a 
substantial area in Utah. The valley is narrow with its bottom lands 
5 miles or less in width. 
The climate of the upper Bear River Basin is "semi-arid 
continental." That is, winters are cold, summers are hot, and pre-
cipitation is scanty. The mean annual temperature of the basin is 
43° F. The frost-free growing season las ts for about 100 days between 
the last of May and early September. 
Precipitation within the basin is distributed unevenly with re-
ga rd to both time a nd area. Streams and aquifers in the basin derive 
most of the water from the melting winter snow. The rainfall that 
occurs during the relatively s hort summer growing season is generally 
sufficient for dry farming of hardy c rops, such as wheat and hay. 
Irrigation is required where a wider variety of crops are grown or 
where higher yields are desired. The area is subjected to an average 
annual precipitation of approximately 12 inches. 
The quantity of water used consumptively by irrigated crops 
is usually much less than the total quantity applied. Water used con-
sumptively by evaporation and plant transpiration is lost to the basin. 
Part of the water applied, but not used consumptively, percolated 
down to the water table or returns to the stream and is available for 
reuse. 
Most of the groundwater in the upper Bear River Basin is con-
tained in alluvium and basalt of the Quaternary age. The groundwater 
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movement is toward the Bear River. For this reason, most of the 
natural discharge of the groundwater is into the river. The ground-
water levels fluctuate in response to precipitation, spring runoff, 
application of irrigation water, and pumping. The magnitude of these 
fluctuations is greatest in the alluvial aquifer s and least in the basalt 
aquifers. Generally, water levels in wells in the upper Bear River 
Basin that a re unaffected by a rtifi cial discharge or recharge rise 
in the spring when snow melts and runoff occurs and decline gradually 
through the summer, fall and winter. 
Hydrologic Model 
In this study the model of the hydrologic flow system is limited 
t o the interaction between precipitation, basin storage, and surface 
and subsurface runoff. A flow char t of the model of the system is 
shown in Figure 3. 2. The hydrologic flow system can be divided 
into three basic components: (i) inflow, (ii) storage , and (iii) outflow. 
Inflow 
Most of the input to the basin under study is through stream-
flow. Howeve r, the model provides for both precipitation and sub-
surface inflows from adjacent areas. 
Based upon the available data a nd physical characteristics, 
the basin was divided into two subbasins as shown in Figure 3. I . 
Only a few precipitation gages are loca ted within the study area. 
Inflow f r orn nther 
L.Ones 
Base Flow 
Di re c t Flow 
frorn ·wa tershed from Wa t ershed 
F igure 3. Z. Flow d i ag ra m for a t y pical h ydro logic model using la r ge 
time inc r ements. 
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Therefore, Theissen's weighting method was used for determining mean 
monthly precipitation in inches for each subbasin. As the demarcation 
of subbasins is based on a consideration of topographic and other water-
shed cha r ac teristics, the technique used for determining mean monthly 
precipita tion i s j ustified . 
Storage 
Storage of water in the basin occurs as both surface and sub-
su rface storage. The r a tes of infiltration , deep per co lation, and 
interflow a ffect both the flow t o and from storage . 
Some of the precipitation falling on the basin is intercepted by 
the vegeta tive cover and r e turns to the atmosphere through evaporation. 
T h e m agnitude of the interception loss depends upon the type and 
density of forest canopy and th e relative ext ent of the forested land 
wi thin th e basin. This parameter is included in th e p r esent hyd r o-
logic model as par t of th e e vapotransp iration occurring from the basin. 
T h e surface sto r age can be further s u b -divided into two 
ca tego ries : (i) pe rm anent of retention storage, and (ii) temporary 
o r d etenti o n s t ora g e. 
The retention or depression storage cons ists of the wate r 
retained in puddles, ditche s, and o the r depressions in the soi l sur -
face . The water in thi s form of sto r age ei ther evaporates o r infi l-
trates into soil w her e it is used by the plants . In this mode l, r etention 
storage is assumed to be a pa rt of the evapotranspira ti on los s from 
the area and, thus, i s not con s idered separa tely . 
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The detention or temporary storage on land surface is in the 
form of sheet flow. The effects of detention storage are discussed 
under the heading "Outflow." 
The subsurface storage can also be sub-divided into two 
categories: (i) soil moisture storage, and (ii) groundw;1ter storage. 
Soil moisture storage contains water usually available to plants. 
Inflow to the soil occurs by the process of infiltration. Outflow occurs 
in the form of evapotranspiration, deep percolation to groundwater 
storage, and interflow which contributes to the surface runoff. The 
soil moisture storage at any time, t, in this model is represented by 
the expression: 
M (t) 
s . ~ (F r 
in which 
- ET 
r 
G 
r 
N ) dt 
r 
Ms(t) = quantity of water stored within the root zone and available 
F 
r 
ET 
r 
G 
r 
N 
r 
for plant use at time, 
infiltration rate 
evapo transpiration rate 
deep percola tion rate to the groundwater storage 
interflow rate . 
3. I 
Details of the four phenomena represented on the right side of 
the a bove expression are as follows. 
Infiltrati o n. Infiltration is the passage of water through the 
soil. In this model, the infiltration process is a ssum ed to occur at 
r a tes represented by the fo llowing rel a ti o ns: 
F 
r 
F 
r 
P , (P < F ) 
r r c 
F, (P ?: F) 
c r c 
in whi c h 
P - precipitation r a te 
r 
F c infiltrati o n capacity r a te. 
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3.2 
3. 3 
Evapotranspiration. Evapotranspira ti on is the process where-
by precipitation returns to the a tmosph e r e through evapo r a ti on from 
water bodi es , so il, a nd o th e r surfaces, and thro ug h transpi r ation by 
plants . The fo ll owi ng r e la ti o n s have been adop t ed in thi s model for 
deterrnini ng e vapotranspiration. 
ET 
r 
ET 
r 
in which 
ET 
cr 
M 
es 
M 
cs 
ET , [M < M (t) 5 M ] 
c r es s c s 
ET 
cr 
M (t) 
s 
M 
es 
5 M (t) 
s 
5 M ] es 
3 . 4 
3.5 
potential evapotranspiration rate or evapo transpiration 
capacity 
limiting r oo t zone available moisture content below which 
the actual evapotranspiration rate beco mes less than th e 
potential rate 
r o ot zone storage capaci ty of wa t e r available to pl ant s . 
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Po tential evapotranspiration is tha t which occurs under con -
di tions of complete crop cover by actively growi ng plants where moi s-
ture supplies a r e not limi t ing . 
Evapo r a tion r a te s , Ec r ' from interception and surface de-
pre ss ion sto r age within th e watershed zone a re es ti mated by the 
relation 
ET 
c r 
i n which 
RI 
s 
RI 
n 
K + 
c 
C e the elevat ion co rrection factor appl icable to the particular 
time inc rem ent 
3.6 
E the mean el eva tio n of th e wa ter shed zone in thous a nds of feet 
s 
E th e mea n elevation of th e valley floor in t housands of feet 
v 
Rls th e radiation index fo r a particular wa t e rsh ed zon e possessing 
a known degree a nd aspec t of slope 
Rlh th e r adia tion index for a horizontal su rface a t the same la ti-
tud e as the pa rti cular wate r shed under s tudy . 
In this s tudy a n ave r age annual elevation correction factor of 
0. 0027 in c h per day per thous a nd feet was develop ed. In th e case o f 
water s urfaces a Kc factor of 1. 0 i s applied ; whe r eas for snow and 
bare g r o und this factor is assumed t o eq ua l 0. 25. Evaporation losses 
from interc e pti o n and surface depress io ns arc ass umed to occur con -
c urr e ntly. Du r ing snow accum ulation pe riods as indi ca t ed by an a ir 
21 
temperature of less than 32° F soil moisture content is assumed not 
t o influence evapotranspiration rates. During these periods Equation 
3. 6 applies r ega rdl ess of th e soil moisture level within the plant root 
zo ne. Thus, 
ET 
r 
ET , (T < 
cs 
3 . 7 
Evapo r a tion loss from top s urface of a snowpack vary from 0. 01 inch 
per day to 0 . 03 inch per day, depending upon the degree of exposure 
of the snow surface. Usually , snow surface evaporation rates are 
one-third of the lake or one-fifth the pan rates. 
Deep percolation . Deep perco la ti on may b e defined as the 
movement of water through th e soil from soil moisture s torage (plant 
r oot zo ne) to the underlying groundwater storage basin. Rates at 
which deep percolation takes place a r e es timated by th e following 
expressions: 
G 
rs 
G 
ru 
f (K • e) 
u 
in which 
G sa turated rates of deep p e rco lati o n losses 
rs 
G ru unsaturated rates of deep percolation losses 
Kh saturated hydra ulic co nductivity of the soi l 
Ku unsa turated hydraulic conductivity of the soil 
9 soi I mois ture content. 
3 . 8 
3 . 9 
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Equati ons 3. 8 and 3 . 9 a re app r oxima t ed by the e mpiri cal exp r ession , 
G 
r 
- K M (t) g s 
in wh i ch 
(0 s M (t) s M ) 
s cs 
3. 10 
Kg cons tant of pro portionality depending upon th e porosity of th e 
soil. 
The negative sign in the abov e expression signifies that it i s o utflow 
from soil moisture storage. Ms(t) is g iven by the Eq ua t ion 3. I. A t 
field capaci t y Ms(t) = Mcs· Assuming tha t deep percolation is o nly 
in the verti cal direction , Ril ey et al. (19 6 7) derived the following relation: 
K 3. 1 1 
g 
Interflow. lnterflow i s defined as that portion of the outflow 
from soil moisture storage which does not enter th e groundwater basin 
but moves laterally through the upper a nd more porous portion of the 
so i l profile t o the stream channel. This lateral o utflow is ass umed to 
take place o nly when soil moisture storage is saturated. The inter-
flow rate is given by the following expression: 
N = 0 ' (M < M ) r s cs 3. 12 
N F - G - ET 
' 
(M = M ) 
r r r cr s cs 
3. 13 
Equations 3. 12 a nd 3. 13 can be C'.Jnlbined to yield: 
N F - K M - ET 3 . 14 
r r g cs cr 
The total interflow quantity which is available during the time p e ri o d, 
tn, is given by: 
23 
N dt 
r 
(F - K M ET ) dt 
cr 
3. 15 
r g cs 
in which 
tn time period having n increments of time 
t time at which M = M and t So t s t 
Cl" s cs o cr n 
t
0 
time at the beginnin g of the storm event. 
G r oundwater storage . In general terms, water held in th e zone 
of saturation is conside r ed to be in this form of storage. Inflow to the 
groundwate r basin occurs both as groundwater movement for adjacent 
areas and as deep percolation from the ove rlying unsaturated zone. 
The deep percolation process has a lready been discussed. G round-
wa ter movement from the bas in a ppeat·s as base flow in surface s treams, 
as pumping withdrawals, and as s ubs urface flo w to adjacent ground-
water reservoirs. 
Outflow 
The output of the hydrologi c system is s urface and subsurface 
outflow, or total runoff. This quantity is the dependent variable in the 
hydrologic cycle which results when the input precipitation is sub-
jected to the various watershed storage and depletion effect" discussed 
earlier. Thus, runoff is ob tained by: (i) chronologically subt r acting 
the various abstractions due to surface storage, subsurface storage, 
and evapotranspiration, from the precipitation in compatible time 
intervals (each month in the present model). a nd (ii) routing the rainfall 
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excess (runoff supply) through the transient effects of various storages. 
The routing process is discussed in the following paragraphs. 
The movement of water from one point to the other in a hydro-
logic sys tem i s dependent upon the transient effects of the different 
types of storages such as surface, soil moisture , and grounrlwater . 
The storage effects of each of the above three depend upon such char-
acteristics as surface drainage density, shape and slope of the water-
shed , soil porosity, soil depth and the aquifer constants (hydraulic con-
ductivity and storage coefficient). The problem can be simplified by 
applying a general routing relationship expressed below; 
q 
d S(t) 
dt 
in which 
- K S(t) 
q discharge rate from th e basin 
S(t) the storage within the basin at any time 't' 
K a constant depending upon the basin characteristics and is 
estab lished by model verification procedure. 
3. 16 
For this study the above expression was adop ted to determine the run-
off contribution from groundwater storage. Since th e time interval 
used was one mont h, both interflow and surface runoff were combined 
without any delay. Thus, thi s combined flow appears in the outflow 
hydrograph of the model as it occu rs on the watershed . In other words 
Q 
rs 
S + N 
r r 
3. 17 
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in whi ch 
S rate at which water is available for surface runoff within a water-
r 
shed (inflow to surface detention storage) . 
The total outflow from the watershed is given by summing the surface 
runoff (which includes interfl ow) and the outflow from groundwatf'r 
storage (base flow) in the following manner: 
3. 18 
in which 
Qr t rate of total discharge from a watershed 
Q rate of total surface discharge from a watershed, including 
I'S 
interflow 
Qrb = base flow rate from the watershed. 
In the above expression Qrb is given by: 
3. 19 
in which 
Kb a cons tant determined by model verification 
G (t) 
s 
quantity of water s tored within the groundwater basin during 
a ny time interval. 
Long transport delay times, such as the average time required 
for the groundwater or base flow, Qrb' to move off the watershed, 
a rc sim ulated in the model by means of ac t ive delay networks. The 
required delay setting of these networks is established during the 
model verification studies. 
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Analog comp ut e r model 
The analog computer model corresponding to the hydrologic 
model of the present investigation (Figure 3. 2) is shown by Figure 3. 3. 
The time scale o f the model is one month of real time equa ! to one 
second of computer time. The monthly values of ~urface inflow, 
diversions, precipitation and temperature are the inputs to the model. 
These are set up on a stepped potentiometric input device which then 
generate a signal corresponding to the input quantities for each month . 
ThelogicinEquation3.2, 3.3, 3.4, 3.5, 3.10, 3.14, and3.15are 
simulated by compara tors in the analog computer model. Long trans-
port delay times, such as the average time required for the ground-
Wdter, Qrb ' to move off the wa tershed, are simulated in lhe model by 
mea ns of ac tive delay networks. The required delay settings for these 
networks a re established by model verification studies . 
Testing and verification of the model 
The mathematical model represented by the equations developed 
earlier in this c hapter was programmed (Figure 3. 3) on the analog 
computer and verified with the available data from upper Bear River 
Basin. For the two subbasins the model was t es ted and verified with 
d a ta taken during the three years 1954, 1955, and 1956. The sources 
of data utilized in this study n re given in the Appendi x o f this r eport. 
The accuracy to the model ve rifi cation procedure depe:1ds upon 
the precision of the re corder! inpu t and output data . For example, as 
.. 
Figure 3,3, Analog computer pr ogram for the hydrologic model of the upp er Bear River Basin. N 
..., 
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indicated in earlier discussio.ls, th e accuracy o•~ input data is dependent 
upon various factors such as den3ity o: rain-gage nf'twork a'ld so: I 
characteristics. 
Model assumptions. The other important factors that have 
significant control on the accuracy of the simulation technique m~y 
be saptial homogeniety and temporal homogeniety of the assumed 
cha racteristi cs in the study. In the present model for instance, 
soil characteristics are assumed homogeneous within a subbasin. 
Again, for a particular subbasin, such values as precipitation and 
infiltration in the model are assumed to be uniform within each time 
interval (one month). Groundwater flow from adjacent subbasins was 
assumed to va ry directly with precipitation quantities on the cor-
r espo nding adjacent subbasins. The maximum value of this flow, 
however, was assumed to be 2 inches per month. 
Adjustable parameters. Testing and verification of the model 
was accomplished by manipulating certain parameters represented 
in the model in such a way tha t the simulated and the gaged outflows 
from each basin for every month were nearly identical. The model 
parameters which were manipulated during this process are as follows: 
1. Precipi tation adjus tment factor: To compensate for 
apparent inadequacies in the precipitation data. 
2. Soil moisture characteristics (M , M and M (0)): To 
cs es s 
account for the seasonal and spatial variations of the antecedent water-
shed characteristics . 
3. The average infiltrati o n c a p a city rate (F cr). 
4. Groundwater delay time. 
5. The portion of surface runoff, Ksr' and the delay time, 
tsr' associated with temporary surface detention storage such as 
reservoirs, poilds, and swamps. 
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Verification procedure. In order to tesl and verify the present 
hydrologic model for the upper Bear River Basin areas the following 
verification procedure was adopted. 
I. The study area w a s divided into two subbasins in order to 
accomplish the spatial integration of the various inputs within each 
subbasin . 
2 . Verification studies were c onducted for each subbasin with 
the help of availa ble precipitation and runoff da ta. By these proc edures 
the valuee of the model constants were established. 
3. After each subbasin had been satisfactorily verified, both 
the subbasins were interconnected in the hydrologic sequence. The 
interconnected system then represented a model for the entire study 
area and was used to predict outflow for given inputs. 
CHAPTER IV 
RESULTS 
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The entire model was verified for a period of three years from 
1954 to 1956. For each subbasin, precipitation , temperature, water 
related land use, and runoff data for the years 1954, 1955, and 1956 
are given in the Appendix of this report. The model parameters for 
each subbasin were established by verification studies for the three 
years 1954, 1955, and 1956. These parameter values for each sub-
basin, which appear reasonable, are presented in Table 4. l. In 
order to achieve agreement between simulated and observed runoff 
during this three-year period , certain changes in canal diversion data 
were made. These changes in values of canal diversion data can be 
justified due to the fact that cana l diversion data were completely 
missing for certain months and only partially available for other 
months. Table 4. 2 shows the changes made in canal diversion data. 
The agreement achieved between simulated and observed runoff during 
these three years for both the subbasins is shown in Figures 4. I to 4. 6. 
The ordinate dimensions in Figures 4. I to 4. 45 refer to depths in inches 
of water uniformly distributed ov er the irrigated area within the sub-
basin. Canal diverisions a r c shown by Figures 4.19 to 4.24. Avail-
able soil moisture in Evanston and Randolph subbasins are shown by 
Tab l e 4. I. Uppe r Bear Rive r Basin simulation paran1ete1s. 
EVANSTON RANDOLPH 
K K p A g . Gr. Irr . M Freez - K K p A g. Gr. Irr. M Free-
c c p es c cp cs 
wate r effi- ing water effi - zing 
delay ciency (inch) Temp. delay ciency (inch) Temp. 
(month) F (month) F 
Jan. 0. 53 . 06 4 6. 60 3 0. 45 4 "32 0. 53 . 039 6 . 60 0.6 7 32 
Feb. 0 . 63 . 064 6.66 3 0. 45 4 32 0. 63 . 041 6. 66 0 .6 7 32 
Ma r. 0. 77 . 066 8.28 3 0 . 45 4 32 0. 77 .1046 8.28 0.6 7 32 
Apr . 0. 90 . 068 8. 97 3 0.45 4 32 0. 89 . 049 8. 97 0.6 7 32 
May 0.96 . 0 7 1 10. 10 3 0 . 45 4 32 0. 96 . 051 10. 10 0.6 7 32 
Jun. I. 00 . 073 10 . 2 !1: 3 0.45 4 32 I. 00 . 052 10 . 21 0.6 7 32 
Jly. I. 00 . 077 10. 37 3 0 . 45 4 32 I. 00 . 052 10. 37 0.6 7 32 
Aug . 0 . 96 . 079 9. 64 3 0. 45 4 32 0.97 . 052 9. 64 0.6 7 32 
Sep. 0 . 91 . 079 8. 42 0. 45 4 32 0.86 . 052 8. 42 0 . 6 7 32 
Oct. . 82 . 078 7. 73 3 0.45 4 32 0.82 . 050 7. 73 0.6 7 32 
Nov . 0. 72 . 0 74 6 . 63 3 0.45 4 32 0. 71 . 046 6. 63 0.6 7 32 
Dec . 0 . 58 . 069 6.39 0 . 45 4 32 0. 58 . 042 6. 39 0.6 7 32 
w 
Table 4 . 2. Upper Bear Rive r Basin canal diversions (all units in inches ) 
EVANSTON RANDOLPH 
19 54 1955 1956 1954 1955 1956 
Avail. Changed Avail. ChangedAvail. Changed Ava il. Cha nged Avail. Changed Avail. Changed 
Data value Data value Data value Data value Data value Data value 
value value value value va lue value 
Jan . 0.0 0.0 0.0 0 . 0 0. 0 0 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 
Feb . 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
Mar . 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0 . 0 
Apr . 3.4 4.2 0 . 0 3.6 1.7 3. 5 
May 13.0 10. 46 14. 5 7.4 12. 9 13. 5 11. 65 17. 5 14 . 58 I 7. 0 
Jun. 12. 88 II. 5 17. 67 13. 0 20.05 12 . 0 3. 59 2 . 7 11. 60 10.0 12. 05 8 . 5 
Jly. 4 . 44 4.44 4. 39 4 . 39 7.03 7 . 03 I. 05 I. 05 I. I 0 5.5 I. 54 6.0 
Aug. l. 30 I. 30 2 . 13 2. 13 I. 98 I. 98 0.48 0 . 48 0. 52 1.7 0 . 45 2.5 
Se p. 0 . 95 0.95 I. 06 I. 06 0.82 0.82 0. 38 0.38 0. 39 0.39 0. 52 0. 52 
Oct. 0. 0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Nov. 0. 0 0.0 0.0 0.0 0.0 0 . 0 0. 0 0.0 0. 0 0.0 0 .0 0.0 
Dec. 0.0 0.0 0. 0 0.0 0.0 0.0 0 . 0 0.0 0.0 0 .0 0. 0 0.0 
\» 
N 
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Figures 4. 7 to 4. 12. Agriculture g r o undwater is shown in Figures 
4.1 3 to 4. 18. Phreatophyte uses are shown in Figures 4. 25 to 4. 30. 
Computed crop evapotranspiration losse s a re shown in Figures 4. 31 
to 4, 36. Ungaged water inflow is shown in plots 4. 37 to 4.42. Unde r-
gage water from the Randolph subbasin is shown in Figures 4. 43 to 
4. 45. There was no under gage water outflow in the case of the Evanston 
subbasin. 
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Figure 4.1 Computed and measured surface runoff from Evanston subbasin, 1954 . 
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Figure 4.2 Computed and measured surface runoff from Evanston subbasin, 1955. 
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Figure 4 .3 Computed and measured surface runoff from Evanston subbasin, 1956. 
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Figure 4.4 Computed and measured surface runoff from Randolph subbasin, 1954. 
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Figure 4 .5 Computed and measured surface runoff f rom Randolph subbasin, 1955. 
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Figure 4 .6 Computed and measured surface Runoff from Randolph subbasin, 1956. 
-4 
"' Gl 3 s:: 
u 
c:: 
c:: 
Gl 2 .... 
::> 
-.;; 
·o 
::Pi 
0 
en 
JAN FEB MAR APR MAY JUN JLY AUG SEP OCT NOV DEC 
Figure 4 .7 Available soil moisture in Evanston subbasin, 1954 . 
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Figure 4 .8 Available soil moisture in Evanston subbasin, 1955 . 
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Figure 4 .9 Available soil moisture in Evanston subbasin, 1956 . 
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Figure 4.10 Available soil moisture in Randolph subbasin, 1954. 
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Figure 4 .11 Available soil moisture in Randolph subbasin, 1955. 
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Figure 4.12 Available soil moisture in Randolph subbasin, 1956. 
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c: Figure 4 .1 3 Agriculture ground water in Evanston subbasin, 1954. 
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Ql ~ Figure 4.14 Agriculture ground water in Evanston subbasin, 1955. 
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Figure 4 .1 5 Agriculture ground water in Evanston subbasin, 1956. 
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::: Figure 4 .16 Agriculture ground water in Randolph subbas in, 1954 
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Figure 4 .17 Agr iculture ground water in Randolph subbasin, 1955. 
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Figure 4.18 · Agriculture ground water ir. Randolph subbasin , 1956 . 
201 ~AUG 'SEP 1 0CT "' 10 JAN CD I FEB I MAR I NOV I DEC 
.c 
(,) Figure 4 .19 Canal diversions in Evanston subbasin, 1954 . ~ 
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Figure 4.20 Canol divers ions in Evanston subbasin , 1955. 
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Figure 4.21 Cana l diversions in Evanston subbasin, 1956. 
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.s::. Figure 4.22 Conal diversions in Randolph subbasin, 1954 . u 
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Figure 4.23 Canol diversions in Randolph subbas in, 1955. 
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Figure 4.24 Conal diversions in Randolph subbasin, 1956 . 
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Figure 4.25 Phreatophytes in Evanston subbasin, 1954. 
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Figure 4 .26 Phreatophytes in Evanston subbasin, 1955 . 
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Figure 4 .27 Phreatophytes in Evanston subbasin, 1956 . 
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.t: g Figure 4.28 Phreatophytes in Randolph subbasin, 1954. 
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0 ~ Figure 4 .29 Phreatophytes in Randolph subbasin, 1955 . 
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Figure 4 .30 Phreatophytes in Randolph subbasin, 1956. 
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Figure 4.31 Evapotranspiration loses in Evanston subbasin, 1954. 
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Figure 4.32 Evapotranspiration losses in Evanston subbasin, 1955. 
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Figure 4.33 Evapotranspirat ion losses in Evanston subbasin , 1956. 
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Figure 4.34 Evapotranspiration losses in Randolph subbas in, 1954 . 
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Figure 4.35 Evapotranspiration losses in Randolph subbasin, 1955. 
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Figure 4 .36 Evapotranspiration losses in Randolph subbasin, 1956. 
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Figure 4 .39 Ungaged water in Evanston subbasin, 1956 . 
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Figure 4 . 40. Ungaged water in Randolph subbasin, l954 . 
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Figure 4. 42. Ungaged wate r in Rando lp h subba sin, l956. 
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Figure 4. 43. Under gage water flowing out of Randolph sub bas in, 1954. 
Figure 4.44. Undergage water flowing o ut of Randolph subbasin, 1955 . 
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Figure 4.45 . · Undergage water flowing out of Randolph subbasin , 1956. 
CHAPTER V 
LIMITATIONS AND CONCLUSIONS 
Limitations 
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Some of the more serious limitations encountered in this study 
a re discussed briefly in the following paragraphs. 
Diversion and runoff data 
In simulation studies of hydrologic systems, important limita -
tions a re i mposed by the diversion and runoff data . In this study, the 
runoff records were ass umed to be co rrect and all discrepancies 
were, therefore , attributed to the diversion data. 
Model parameters 
In general, data regarding model pa rameters, such as soil 
moisture cha racteristics and average infiltration rates, a re inadequate. 
These values were adjusted during the model verification procedure 
of the study. 
Total basin outflow 
In the present study the total model was tested with recorded 
outflow data of a gaging station at Bear River near Randolph , Utah . 
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Conclusions 
Taking into account the limitations discussed in the previous 
section, the conclusions of the study are summarized as follows : 
l. A practical analog simulation model of the hydrologic system 
within the upper Bear River Basin has been developed. Besides estab-
lishing a model which can be applied to s tudy a wide variety of man-
agement problems and solution alternatives, simulation usually results 
in significant savings in time and money even when only a single problem 
is considered because of the ability of the computer to solve problems 
at high speeds . 
2. Data are needed on cer tain watershed parameters, such 
as infiltration rates, soil moisture characteris tic s, and groundwater 
condi tions . 
3. The soil moisture characteri stics tend to be uniform for 
the entire basin with variation from one subbasin to another bein g 
generally not sufficient t o affect corresponding outflow. 
4. Variation in evapotranspiration rates have a relatively 
small effect on outflow values. 
5 . Average infiltration r ate and groundwater delay are para-
meters which can significantly influence outflow during wet and dry 
seasons of the year respectively. In the present study, values of 
these parameters were estimated through the model verification pro -
cedure. 
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CHAPTER VI 
SUMMARY AND RECOMMENDATIONS 
Summary 
The basic components of the hydrologic model considered in 
this study are: (i) precipita tion input, (ii) the va rio us forms of water -
shed storage which affects and modifies the input as it passes through 
the system, and (iii) the runoff or outflow from the basin. 
The upper Bear River Basin was divided into two subbasins 
for spatial integration of the hydrologic phenomena . Integration of 
the various processes in time was accomplished by choosing a time 
incre:ner..t of one month. The average value of precipitation was com-
puted by Theissen's weighting procedure. 
The mathematical model was te sted and verified using avail-
able data from the study area and the analog computer at the Utah 
Water Research Laboratory, Utah State University, Logan, Utah. 
Average monthly values were assumed for watershed parameters, 
such as infiltration, evapotranspiration rates, soil moisture storage, 
and groundwater delay ti mes. The model was verified by adjusting 
model parameters until close agreement was achieved between the 
s imulated and the corresponding gaged hydrographs . The parameters 
subject to manipulation during verification were precipitation adjustment 
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factor, soil moisture storage, average infiltration rate, the ground-
water storage delay, and the quantity of surface runoff and its associated 
detention delay time. The more important observation from the study 
include the following: 
1. The diversion and runoff data in the study area are generally 
inadequate. 
2. Groundwater storage delay for each subbasin is about 
three months. 
3. Groundwater inflow rates to a subbasin are directly related 
to the precipitation rates occurring on adjacent areas. 
4. Soil moisture and infiltration cho..racteristics can be assutned 
constant within the study <trea . 
5. The average infiltration rate and the groundwater storage 
delay are watershed parameters which play a major role in controliing 
outflow during the wet and dry seasons of the year respectively. 
Recommendations 
The following recommendations are given to assist in any con-
tinuing study program. 
Flood studies 
Detailed flood flow simulation studies will provide flood fre-
quency curves. Such frequency curves are useful in the proper design 
of levies, spillways, and o th er flood cont r ol structures. For flood 
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flow simulation, it will be necessary to cons ider a short time incre-
ment of , for example , one day in order to simulate the peak discharge 
rates. This model would be essentially deterministi c in nature, and 
the runoff process would consider the short term effects of interception 
storage , depression storage, and infiltration. The flood routing pro-
cedure would be based on the channel characteristics, such as slope , 
r oughness, and cross sec t ional area. With stochastic inputs of pre -
cipitation, frequency curves for stream flow could be developed from 
t he deterministic hydrologic model. 
Sediment studies 
The flood studies suggested above could be ext ended t o inc lude 
the sediment parameter. The sediment loads of streams estimated 
by such a simulation model would be useful in planning sediment con-
trol measures . 
Water quality s tudies 
Water quality is another dimension w hich could be a dd e d to a 
sound hydrologic simulation model. A model o f thi s nature faci lita tes 
t he soluti on of problem s such as those involving the quality of return 
fl ows , the reuse capabilities o f streams , and the was t e assimilation 
c harac teri s ti es uf str eam s . 
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Land and water management studies 
The model developed under this study could be applied to stud) 
interbasin effects of various land and water use practices on the strea::-: -
flow. Refinement of the model, particularly in terms of reduced space 
incremen t s, would enable it to be applied to specific surface and sub-
surface drainage problems and to those involving the conjunctive use 
of ground and surface waters. Detailed investigations of this nature 
would, however, require that groundwater information be obtained for 
the area under study. Examples of the kinds of data needed are: (i) 
the direction and quantity of groundwater flow, and (ii) maps o f the 
groundwater surface at various times of the year. 
These kinds of information woultl be provided by wells , bore 
holes, and perhaps seismic explorations within the study area. 
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APPENDIX 
SURFACE WATER GAGING-STATIONS IN THE 
UPPER BEAR RIVER BASIN 
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105. Hilliard-East Fork Canal near state line, near Evanston, Wyo. 
Remarks: Canal diverts from east Fork Bear River for irri-
ga ti on of about 2 , 600 acres in Hilliard F lat a r ea in 
Wyo. 
115 . Bear River near Utah-Wyoming state line 
Remarks: Two diversions above station for irrigation of about 
200 acres above and 2, 600 acres below statio n. 
120. Mill Creek at Utah-Wyoming state line 
Remarks: Three small diversions for irrigation of hay meadows 
above station . 
J 60 . Sulpher Creek near Evanston , Wyo. 
Remarks: Several diversions for irrigation above s tation. Flow 
regulated by Sulpher Creek Reservoir (capacity, about 
4, 600 acre feet) since December 1957. 
170. Yellow Creek near Evanston, Wyo. 
Remarks: O n e small diversion for irrigation of hay meadows 
above sta ti on. Flow r eg ulated by Ba rke r Rese r voi r 
(capacity, 162 ac r e feet) completed in fall of 1959. 
195. C hapma n Can a l a t state line, near Evans t o n, Wyo. 
Remarks: Canal diverts water f rom Bear River i n NW 1/4 sec . 
36, T. 1 6N. , R. 12 1 W. Many divers ions a bove 
sta tio n for irrigation in Wyoming. Flow a t Station 
is f o r s to r age in Neponset Reservoir, Utah, a nd 
irri gatio n in Saleratus Basin, Utah. 
205 . Bear River near Woodruff, Utah 
Remarks: Diversions for irrigation of about 45,000 ac r es above 
station . 
210. Woodruff Creek near Woodruff, Uta h 
Remarks: No diversion above station. 
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215 . Birch Creek near Woodruff, Utah 
Remarks: No diversion above station. Flow regulated by Birch 
Creek Reservoir (capacity , 2, 260 acre feet) com-
pleted in November 1951. 
230. Big Creek near Randolph, Utah 
Rema rks: No diversion above s tation. 
240. Randolph Creek near Randolph , Utah 
Remarks: Diversions for irrigation of about 500 ac r es above 
station. 
265. Bear River near Randolph, Utah 
Remarks: Diversions for irrigation of about 96,000 acres 
above station. 
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DIVERSIONS IN EVANSTON SUBBASIN 
BEAR RIVER MAIN STEM: 
UTAH: 
I . Lannon 
2. H i lliard W es t Side 
WYOMING: 
3. Bear 
4. Tropic 
5. Danie lson 
6 . Pine Grove and Crown 
7. McGraw 
8 . Big Bend 
9. Homer 
10 . Lewis 
I I. Lewis and Blanchard 
12. Myers No . 2 
13 . Hare 
14 . Coffman No . I 
15. Coffman No. 2 
16. Knoder 
17. Myers o . I 
18. Myers I r rigation 
19. Booth 
20. Evanston Ci t y P i pe L ine 
21. Anel 
22. Co r neil son 
23 . Evanston Wat e r Supply 
24. Anderson 
25 . Knight No. 2 
26. E vanston Wa ter 
2 7 . Ba rton 
28 . Faul kn e r 
29 . Rocky Mountai n B ly the 
30. Fife 
31. Johson-Nar r amore 
32 . Bruce Bart on 
33. A. W . Si m s 
34 . Joh n A nde r son 
35 . C r ompto n No . 2 
36. Fearne 
37. Saxton-Tu 
38, Saxton Ir ri gati on 
39. John Sims 
40. Southern P acific 
41. Heward 
42. Saxton-Thomas 
43. Ramsey 
44. AI my 
45 . Sims Bly the Turner 
46 . Bown s 
47. Russell 
48. Turner 
49. Upper Morr i s 
50. Chapman 
51. Lower Mor r is 
52 . Ilruce Bown s 
53 . Tunnel 
54 . Fowkes 
55. Christensen 
56. Upper Island 
57. Blight Irr igation 
58. Acock and Cowli shaw 
59. Lower Islan d 
60. F r a ncis L ee 
61. Bea r Ri ve r 
TRIBUTARIES DOWNSTREAM ORDER 
UTAH: 
Eas t F'o rk 
l. Hovarka Eas t Fork 
2. Hilliard Eas t Fo r k 
Deer Creek - Wes t Fork 
3. Wrigh t Transmounta in 
M i ll C r e ek 
I. Deadman 
2. Hovarka Mill Creek 
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DIVERSIONS IN EVANSTON SUBBASIN (Continued) 
3 . Pauly 
WYOMING: WYOMING: 
4. Goodman -Cunnington 4. Cook 
5. Hilliard East Fo r k 5 . Forbes 
6 . John Goodman 6 . Daniel Cochran 
7. Hatton 7. Dean No. 1 
8. Botton wood Creek 8. Dean No. 2 
9. Cottomwood Creek below division 9. Stayley No. 1 
10 . Pioneer 10. Stayley No. 2 
11 . Hardscrabble 11. Moon 
12. Dexter 12. Old Stayley 
13. Tibbets No. 3 1 3. Christensen No. 2 
14. Steadman No . 14. Christensen No. 
15. Tibbets No . 2 
16. Lewis and Coffman 
17. Morris and Coffman 
18. Lewis No. l 
19. Lewis No. 2 
20. Lewis (Mill Creek) 
21 . Myers No. 2 (Mill Creek) 
Sulphur Creek 
I. Banks 
2. B. and L. 
3. Bell 
4 . Rocky Point 
5 . Lester 
6. Charles Ditch (Willen Creek) 
7. Lachappelle No. 3 (Willen Creek) 
8 . Upper Ditch (Willen Creek ) 
9 . Holmes Ditch (Will en Creek ) 
Yellow Creek 
1. Black Ranch 
UTAH: 
2 . Wright No. 
3. Wright No. 2 
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DIVERSIONS IN RANDOLPH SUBBASIN 
BEAR RIVER MAIN STEM: 
UTAH: Randolph Creek 
6 2. Neville I. No rth 
63. Rees Land a nd Livestock 2 . Middle 
64. Booth 3. South 
65 . Randolph-Woodruff 
66. Crewfo rd-Thompson O tter Creek 
67 . Dykens 
68. R ando lph-Sag e Creek I. Rex No . l 
69 . McMinn 2. Re x No. 2 
70. Enber g 3. Rex No. 
71. B.Q. West Side 4. Rex No . 4 
5. R ex No. 5 
T RIBU TARIES DOWNSTREAM ORDER 6. Jackson No . 
7. Jackson No . 2 
UTAH: 8. Rex No. 6 
9. Rex No. 7 
Woodruff C r eek 10. Thornock a nd Jackso n 
II. Argyle Ditch 
I. Smith 12 . Thornock 0. 
2. Cor nia No. 1 3 . Thornock No . 2 
3 . Putnam Co rnia 
4 . Cornia No. 2 
5. Hiffaker 
6. Eastman-Frazier 
7. Putnam 
B. Saxon 
9. Eastman No . I 
10. Eastman No . 2 
11. Frazier Ditch No. \ 
\ 2. Frazier Ditch No . 2 
\3. Total Supply Woodruff Irr. Co. 
Big Creek 
I. Sam South 
2. Mckinnon 
3 . Kennedy 
4. Big Ditch 
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MEAN MONTHLY PRECIPITATION IN EACH SUBBASIN OF THE 
UPPER BEAR RIVER BASIN 
Month Evans ton Subbas in Ra ndolph Subbasin 
1953 1954 1955 1956 1953 1954 1955 1956 
Jan . 1. 68 I. 40 l. 39 0.93 0. 78 I. 64 
Feb. 0.46 0 . 62 I. 19 0.47 l. l 0 0.48 
Mar. l. 20 0.66 1. 55 l. 02 0 . 67 0. 09 
Apr. 0.45 0 . 90 0 . 83 0. 19 0.26 0 .53 
May l. 29 l. 54 I. 51 I. 05 I. 75 3. 14 
Jun. I. 32 I. 12 0. 18 I. 94 I. 57 0.92 
J l y . I. 49 o. 5 1 I. 13 I. 50 I. 86 0.96 
Aug. l. 18 I. 65 I . 31 2. 17 I. 57 0 . 51 
Sep. 0.47 I . 19 I. 17 0.95 I. 74 0 . 03 
Oct. 0.77 0. 71 0.64 l. 49 0.42 I. 2 1 0 .54 I. 27 
Nov . 0 . 66 0.95 I. 91 0. 21 0. 7 6 1.92 I. 12 0. 19 
Dec. 0.85 0.64 2.20 I. 71 0 .85 0.99 2. 45 I. 13 
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MEAN MONTHLY TEMPERATURES IN EACH SUBBASIN 
OF THE UPPER BEAR RIVER BASIN 
Month Evanston Subbasin Randolph Subbasin 
1953 1954 1955 1956 1953 1954 1955 1956 
Jan. 19 . 0 9 .2 17. 2 20.4 7.3 18. 0 
Feb. 19.5 II. 7 9.2 18. 6 10.7 9.9 
Mar. 22.2 17. 3 22.5 25.8 18.4 25. 7 
Apr. 35.4 29.8 31. 9 39.0 32.7 37.0 
May 43.0 40.9 42.4 46.7 44.4 47.2 
Jun. 47.3 47.2 50 . 0 51.1 50.8 52.5 
Jly. 56. I 53.6 53.9 60. 3 58.0 58. 1 
Aug. 51.1 54 . 3 49.2 55 . I 58.6 53 . 3 
Sep. 46. 1 45.0 45.7 49. 3 48. 7 49.0 
Oct. 36 .8 37. 5 36.5 35 . 1 38.9 39 . 8 40 . 0 39 . 5 
Nov. 28.6 29.8 20.7 20. 1 32.0 32.4 24.0 23.2 
Dec. 16.6 13. 7 19 . 5 14.5 18.6 12. 2 24.6 16. 9 
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SUMMARY OF WATER RELATED LA N D USE I N THE 
UPPER BEAR RIVER DRAINAGE AREA 
(all units in ac res) 
Classifica t ion Total Evans ton Randol ph 
A I 4 , 5 15 2,599 1, 916 
A2 14, 34 1 8 , 823 5 , 518 
A3 59,860 19, 835 40,025 
A4 1, 527 314 1, 213 
As 
A6 
A7 
As 
A9 
A10 
All 
Al2 239 239 
A13 
Total A 80,482 31,571 413 , 9 11 
B 4,507 2 , 434 2, 073 
ct 1 , 5 16 632 884 
c2 2 ,754 609 2 , 145 
c3 4,288 3,523 765 
c4 869 261 608 
Total Band C I 3, 934 7, 459 6,475 
Total C 5,025 4,402 
(Total A- A
12
) 3 1, 571 48,672 
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